W ith the advent of modern agriculture, many traditional crop varieties have been replaced worldwide by a few improved, high-yielding varieties, a result of the success of crop breeding and intensive cultivation practices adopted on a massive scale. The extensive cultivation of scientifically developed crop varieties that are high yielding and pest resistant has contributed tremendously to the world's food production. Yet this practice has also led to serious "genetic erosion"-the loss of traditional varieties from agroecosystems (Porceddu et al. 1988 , Singh 1999 )-which hinders efforts to improve crop varieties further (Nevo 1995) . Reliance on a narrow spectrum of cultivars grown in monoculture has also been linked to increased pest problems (Shigehisa 1982) and to vulnerable agroecosystems (Qualset et al. 1997 ). Higher yields and greater food security have come at the expense of higher inputs of pesticides and fertilizers (Lu 1996 , Qualset et al. 1997 , and many have questioned the sustainability of these modern farming methods. The crop diversity program in Yunnan Province seeks to improve on modern methods for cultivating high-yielding rice varieties by conserving traditional varieties as well.
Conservation of traditional crop varieties ex situ, mainly through seed collections, is already widespread in gene banks around the world (Hawkes 1983 , Plucknett et al. 1987 . At present, it is the most important and effective strategy for conservation of crop varieties. However, ex situ conservation has several limitations. It is static in evolutionary terms, because no genetic adaptation to the changing environment can occur. Moreover, it is difficult to work with seeds that may lose their ability to germinate shortly after ripening. Genetic diversity may thus be compromised when collections are multiplied ex situ. In addition, the conserved germ plasm is physically far from the users, in particular the farmers who created it.
In situ conservation-preservation of crop varieties in their original habitats on farms, through agricultural practices-is considered an important complement to ex situ conservation, and its implementation has lately been much advocated (Altieri and Merick 1987 , Brush 1991 , Qualset et al. 1997 ). On-farm conservation of crop genetic resources is defined as the continued cultivation and management of a diverse set of crop populations by farmers in the agroecosystems where a crop has evolved. It is based on the recognition that, historically, farmers have developed and nurtured crop genetic diversity, a process that continues among many farmers despite socioeconomic and technological changes. It emphasizes the role of farmers for two reasons: (1) Crop varieties are the result not only of natural factors, such as mutation and natural selection, but also, and particularly, of human selection and management; and (2) farmers' decisions ultimately determine whether these populations are maintained or abandoned (Bellon 1997) .
In spite of the increasing interest in on-farm conservation, however, few successful cases its use have been reported, owing to limited knowledge and understanding of suitable techniques. The challenge for on-farm conservation is that in modern agricultural systems, farmers' decisions are influenced to a large extent by socioeconomic factors (e.g., market demand), changes of climate, and government policies, as well as by considerations such as culture, religion, labor, technological skills, and dietary preferences. This raises the question of whether on-farm conservation is economically feasible and sustainable in the context of modern agriculture, or whether it must be relegated to areas of the world where subsistence farming, low yields, and low economic returns favor traditional varieties. Innovative approaches to the challenge of on-farm conservation have become increasingly important.
Our system of crop diversity management-using genetic diversity to reduce disease by mixed planting (intercropping) of traditional and hybrid rice varieties-provides an ecologically sensitive approach to disease control, yield increase (Zhu et al. 2000) , and fertilizer reduction in rice ecosystems. Further investigation based on a 6-year survey has demonstrated that this approach might make effective and sustainable on-farm conservation of traditional rice varieties possible for both traditional and modern agroecosystems.
Two key points in the practice of crop diversity management are (1) to select the right combinations of traditional and hybrid rice varieties for mixed planting and (2) to determine an appropriate cultivation model. The selection of varieties for mixed planting is based on their genetic background, differences in resistance to rice blast, and agroeconomic characteristics. For planting in the same field, the traditional and hybrid varieties should be genetically divergent, as scored by molecular markers such as the amplified fragment-length polymorphic DNA, and they should have different patterns of resistance to rice blast. Normally, the genetic dissimilarity coefficient between the traditional and hybrid rice varieties selected for mixed planting should be greater than 70 percent, as measured by the resistant gene analogue (RGA) fingerprinting technique. This technique indicates conserved DNA sequences in disease resistance genes among plant species or varieties. The RGA sequences are amplified using the polymerase chain reaction and compared for rapid identification and selection of disease-resistant candidate genes.
The selected traditional varieties should have good market demand, high quality, and palatability. Plants should be tall (preferably 30 centimeters [cm] taller than the hybrid varieties). The hybrid varieties should be high yielding, rice blast resistant, and short. In addition, the difference in time to maturity between the two varieties should be less than 10 days. In Yunnan Province, the main hybrid varieties are Shanyou-63 and Shanyou-22, and the most common traditional varieties for mixed planting include Huangkenuo, Zinuo, Xianggu, Huangbansuo, Milexiangmi, and Jiugu. In our cultivation model, seedlings of the hybrid and traditional rice varieties are transplanted into the field 40 to 45 days after germination on seedbeds and are sown at different times (though within 10 days of each other) to synchronize the dates of maturation. Usually, hybrid rice varieties are transplanted into fields first, the same way they are planted normally. Wide rows are spaced 30 cm apart and narrow rows 15 cm apart. Hills within rows are separated by 15 cm. Traditional rice varieties are transplanted between wide rows of hybrid rice with 30 cm between hills within rows. Figure  1 illustrates the most common mixed planting models, including 1-row traditional versus four-row hybrid and one-row traditional versus six-row hybrid. Farmers have adopted some other combinations according to their own preferences. One hybrid plant and three to five traditional variety plants are planted in each hill. The hybrid and traditional rice varieties may be transplanted on the same day, or the traditional varieties may be transplanted 2 to 4 days after the hybrids. The mixed planting models were developed by scientists, but the implementation is very simple and can be easily mastered by ordinary farmers, even those with little education. The methods for disease assessment, yield evaluation, and statistical analysis were previously described by Zhu and colleagues (2000) .
Since the initiation of the crop diversity program in 1997, traditional and improved hybrid varieties have been planted in various mixtures. More than 44 townships in Yunnan Province have adopted this planting method, a result of its great success in controlling disease and increasing yield (Zhu et al. 2000) , as well as reducing the need for pesticides. The method has also spread to neighboring regions such as the Sichuan and Guizhou Provinces. Demand for and cultivation of genetically diverse traditional rice varieties, which have been adapted to various agroecosystems and matched with hybrid rice varieties, have significantly increased. This is because farmers strongly favor planting special traditional rice varieties along with hybrid rice (figure 2). In this region, some traditional glutinous varieties fetch substantially higher prices per unit weight than modern hybrid rice, but traditional varieties produce lower yields and are more susceptible to disease. The traditional varieties are also more susceptible to severe lodging (collapse of stalks) before maturity. Even though farmers like to grow traditional rice varieties for their own consumption or to increase crop value, they cannot grow these varieties in monoculture because of blast and other diseases, as well as lodging. Over the past decades farmers have therefore reluctantly abandoned many of these traditional varieties. Data from the crop diversity program survey in Yunnan Province showed that the number of traditional rice varieties has dramatically increased since the program was initiated (figure 3). Our investigation further showed that the cultivated area of traditional rice varieties (in mixture with the hybrid varieties) has also been radically expanded. Investigational data collected on 20 traditional rice varieties that are commonly used in mixed planting indicated a rapid expansion in their area of cultivation (table 1). The most promising observation is that some traditional rice varieties that were formerly locally extinct, such as Ersigu and Dajiujia, have been restored to agricultural communities in Yunnan Province. Moreover, some rare and endangered varieties have also become more popular.
This approach to conservation of crop diversity brings substantial economic benefits to farmers, because it requires low inputs and produces high outputs. It meets the demand of the market for some high quality and culturally important traditional rice varieties and improves agricultural ecosystems by significantly reducing pesticide use. More important, this approach brings back farmers' valuable traditional rice varieties without excessive complexity and promotes in situ onfarm conservation of rice diversity. The approach may offer a feasible and sustainable way of conserving varieties of other crops too. We have conducted experiments with mixed planting of various combinations of crop species, such as wheat and fava bean, potato and maize, and oil rape and fava bean. These models have promise for conservation as well, because they similarly use tall traditional varieties (figure 4). Our preliminary results suggest that intercropping of different crop species in appropriate combinations can provide more effective control of diseases and insect pests, although the mechanisms are still under investigation.
Any attempt to conserve crop varieties that omits consideration of the economic benefits will not be sustainable. According to an assessment by the Yunnan government and unpublished government economic reports, farmers gain about $187.50 per hectare from mixed planting (mainly from production of the high-valued traditional rice), excluding the savings that comes from reduced pesticide purchase. The total financial benefits from the diversity program were approximately $7.6 million in 2000 and $16.7 million in 2001, a result of the dramatic increase in mixed planting over that period. Crop diversity management by mixed planting is already showing its potential in southwestern China. Reports from provincial government authorities in- dicate that the area of cultivated rice under diversity management has expanded to about 460,000 hectares in the Yunnan, Sichuan, and Guizhou Provinces in the last few years. Therefore, it is feasible to conserve traditional crop varieties in modern agroecosystems using the crop diversity management model. On-farm crop diversity conservation does not have to come at the expense of profits and can enhance farmers' incomes. Conservation of traditional crop varieties can be well integrated into modern agroecosystems through diversity management where appropriate economic incentives are present.
It is important to point out that crop diversity management is not applicable to all agricultural systems. Our experiments demonstrate that this method is powerful for controlling epidemic diseases against which resistance is race specific, such as rice blast, but it is not effective against disease for which resistance is race nonspecific. In addition, this method is easily adopted and popularized only in agricultural systems where manpower operation is still predominant. It would be difficult at present to apply the method in agricultural systems that employ industrial equipment. However, we believe that if crop diversity management proves to be practical for pest control, maintenance of high yields, and environmental protection, industrial equipment suitable for this application will be designed. For example, the celery and leek intercropping system in Switzerland makes use of mechanized management (Baumann et al. 2001 ).
The concept of on-farm conservation emphasizes farmers' cultivation and management of crop varieties (Bellon 1997) , but the role of scientists as active partners is also important. Crop diversity management for disease control in Yunnan Province provides an excellent example: Scientists were in- spired by indigenous knowledge of intercropping, and they modified this knowledge before returning it to farmers. It is essential to understand indigenous knowledge of farming practices that have promoted the maintenance of crop diversity, disease control, and environmental protection, particularly in agricultural systems in which those practices have been shaped over many, many years. The foundation for the maintenance of well-balanced, local agroecosystems rests on the indigenous knowledge developed during thousands of years of farmers' experience. However, this knowledge is often unrecorded and scattered among different communities and cultures. Factors such as cultural and language differences and the isolation of communities impede the application of indigenous knowledge by farmers from different regions. Scientists must therefore gather and evaluate indigenous knowledge and translate the most useful lessons into recommended practices. Scientifically based but generalized and simplified messages can then be returned to the local community to guide farming practices. For example, intercropping has been practiced in China for hundreds of years, but its current use is sporadic and the scientific basis for this practice has not been fully explored. By focusing on how mixed cultivation can reduce disease problems in rice, Zhu and colleagues (2000) were able to recommend simple techniques that are effective on a large scale. The area of mixed cultivation of hybrid and traditional rice varieties reached 167,000 hectares in 2001, and this has played a tremendous role in rice production and conservation. This model for conserving traditional rice varieties through crop diversity management in the Yunnan, Sichuan, and Guizhou Provinces is a breakthrough that is popular with farmers, good for agroecosystems, and promising for future breeding efforts utilizing traditional varieties. We believe this management method has long-term potential for overcoming the commonly perceived constraints of on-farm conservation. 
